Abstract. This paper proposes a method of valuing the stock of residential buildings in Spain as the first step in assessing possible damage caused to them by natural hazards. For the purposes of the study we had access to the SIOSE (the Spanish Land Use and Cover Information System), a highresolution land-use model, as well as to a report on the financial valuations of this type of building throughout Spain. Using dasymetric disaggregation processes and GIS techniques we developed a geolocalized method of obtaining this information, which was the exposure variable in the general risk assessment formula. Then, with the application over a hazard map, the risk value can be easily obtained. An example of its application is given in a case study that assesses the risk of a landslide in the entire 23 200 km 2 of the Valencia Autonomous Community (NUT2), the results of which are analysed by municipal areas (LAU2) for the years 2005 and 2009. 
Introduction
Concern for the damage caused by geo-hydrological processes such as earthquakes, floods and landslides has been on the increase in recent years at both local, regional and national levels, mainly due to the wide coverage given to the subject by the media. This concern has given rise to an increase in the number of studies focused on identifying the areas susceptible to such processes, as well as the adoption of risk management policies, and many regions have increased their budgets to mitigate the effects of natural disasters on urban areas and on their inhabitants.
One of the consequences of this movement has been the introduction by the government of measures to predict, prevent and mitigate these events. In addition, the population growth that inevitably involves a higher demand for residential buildings, together with the corresponding need for larger infrastructures, means that the population expansion spreads to areas that are often liable to suffer the effects of geo-hydrological events.
The Autonomous Community of Valencia (Spain) has adopted a firm position as regards minimizing the impact of natural or induced hazards, as reflected in Article 14 of Law 4/2004 (30 June) relating to Land Planning and Protection of the Landscape (LOTPP in Spanish), also in the decree issued on 13 January 2011 by the Council of Valencia concerning the Territorial Strategy of the Community of Valencia (ETCV). As laid down by the LOTPP, the latter is the basic land planning instrument of the Community; it fixes action plans, initiatives and guidelines for the development of the region while at the same time respecting the environment with special emphasis on natural hazards.
Among the guiding principles laid down by the ETCV is that of encouraging future urban and regional developments to take place in risk-free zones or, in cases where the risks can be justified, in minimum-risk zones. It also proposes actions to improve the management of natural and induced hazards in the form of Territorial Action Plans (PAT), including one with measures to reduce the occurrence of, and improve the management of, landslide risk.
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In the context of the above-mentioned regulations, in which adequate land planning and management are considered to be among the most important non-structural measures, there is a clear need for the creation of a risk-mapping system. These maps are an aid to regional planning as they accurately define any risk areas and compel the adoption of specific constructional measures in these zones, while at the same time they help to create legislation to regulate these activities (Palencia and Gielen, 2010) .
In order to assess and compare the costs of damage caused by the different natural hazards described above, one of the basic requirements is to have access to a wide and detailed database. In addition, in order to make full use of the data it is essential to have maps showing the location of the different data (dangers, land use and occupation, etc.) to enable the application of tools and processes associated with Geographical Information Systems (GIS) for the purpose of drawing risk maps.
However, this type of map has never been fully developed for our case study (Community of Valence), mainly due to the difficulty of obtaining information on the elements they contain. Of the few that exist, most are restricted to the susceptibility to hazards and mainly analyse the characteristics of the process without paying too much attention to the possible damage to the elements exposed to the hazards (Corominas et al., 1998) . However, they can be useful for purposes of land planning and mitigating hazards, as well as for reducing any possible future damage to the minimum.
As regards the European perspective, both the European Environmental Agency (EEA) and the European Territorial Cooperation Programmes (ESPON: European Observation Network, Territorial Development and Cohesion) have drawn up natural hazard maps. The EEA (2010) has compiled an exhaustive list of different types of hazards and technological accident risks of places for which maps were subsequently made. One of the reports issued by ESPON (2006) analysed the hazards and risks but did not estimate the damage in financial terms, producing qualitative scale maps at the provincial level (NUT3).
Further, some European FP7 research projects deal with similar objectives. It is worth highlighting the SafeLand project, in which a generic quantitative risk assessment, management tools and strategies for landslides are developed. Another research project is the MOVE, which creates knowledge, frameworks and methods for the assessment of vulnerability to natural hazards. These projects propose several guidelines for assessing risks and mapping, and analyse practice in local cases. Some of these guidelines have been useful for the writing of this paper.
This paper deals with risk-mapping with regard only to the damage caused to buildings, as will be explained in Sect. 2. The proposed method of estimating the value of residential buildings is offered as the first step in assessing the risk associated with processes of any other type. As an example of its use, the method is then applied to a complete procedure for assessing the risk of landslides within the Valencia Community (NUT2, Autonomous Community) at the end of this paper.
Natural hazards and risks

Terminology
In general terms, risks can be defined as the interaction that takes place between the threat or danger, the elements exposed to them (people, buildings, etc.) -ELEMENTS AT RISK: The population, buildings and engineering works, economic activities, public services utilities, other infrastructures and environmental values in the area potentially affected by the landslide hazard (Fell et al., 2008 ).
-EXPOSURE: People, property, systems, or other elements present in hazard zones that are thereby subject to potential losses (UN-ISDR, 2009) . Therefore, exposure indicates the extent to which the elements at risk are actually located in the path of a particular landslide (Corominas et al., 2014) .
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-VULNERABILITY: The degree of loss to a given element or set of elements within the area affected by the landslide hazard. It is expressed on a scale of 0 (no loss) to 1 (total loss). For property, the loss will be the value of the damage relative to the value of the property; for persons, it will be the probability that a particular life (the element at risk) will be lost, given that the person(s) is affected by the landslide (Fell et al., 2008) .
Methodology applied for risk assessment
In this paper, we apply the risk assessment to landslides, natural geomorphic process occurring at locations characterized by specific environment conditions. Our principal goal is mapping the risk value in a wide given area by application of Eq. (1) and by using techniques based on GIS software. In this case, the main problem is finding homogeneous data for across the chosen area -it would be interesting to explore this approach, but there are few quantitative maps on risk landslide in Spain (Bonachea, 2006) . A flow diagram of the process methodology is shown in Fig. 2 (Sect. 4.4).
In the first place, to estimate hazard we start from a landslide vectorial map formed by a regional Government Department for our complete selected area. However, this map only gives some estimation of the real value of the landslide probability occurrence. Unfortunately, no specific data of quantitative hazard exist for the entire area under study, and we have to extract all the information from this map, despite the uncertainty created.
Vulnerability is the third factor of Eq. (1), and likely, the most difficult to assess, due to the complexity and the wide range of variety of landslide processes (Glade, 2003) . This element has been calculated from the data on type of building in a land cover model and the intensity of landslide, following the authors cited in Sect. 4, where this term will be fully dealt with.
Finally, exposure is, of course, somewhat difficult to put a value on -regarding the value of human lives and economic activities (the value of a person, if such a thing existed, would depend on various factors such as age, employment and wage level, etc.), not to mention the difficulty of representing these values graphically, since they are not static elements. This is why most of the studies carried out are limited to material elements (Bonachea, 2006) .
In the present study only residential buildings and direct structural damage are considered as assets exposed to the landslide processes, together with the functional elements that give them a market value, ignoring all other types of elements. We can justify that selection because there is far less information available to carry out the assessment of "other constructions" than for the assessment of the housing stock. In other words, non-residential buildings are not disaggregated data with the detail of residential buildings. Also, these "other constructions" represent only 25 % of residential buildings. But, the main problem is that farming and ranching constructions -elements more affected by landslides due to their location in mountain areas -are not dealt in the FFBVA study. Therefore, we have concluded that is better to exclude these data.
Moreover, we have excluded the risk of life loss, which is not unusual, perhaps due to the intrinsic difficulty of its objective definition (Catani et al., 2005) . The main Spanish landslides that took place during the last 150 years were described by Corominas et al. (2005) , with the number of fatalities of 659 and about 700 injured. It is important to highlight that there were no fatalities in the region that is the subject of this paper during this period of time.
This is not a minor aspect, but it will be necessary to develop a specific methodology for assessing human loss in the absence of field information.
The impact on the other elements at risk should also be considered (infrastructures, activities, etc.), but the methodology is very different and it is difficult to incorporate into this paper.
The method applied to estimate building values is dealt with in detail in the following section and is considered to be the essential first step in assessing exposure to any type of natural hazard.
Valuing residential dwellings
As the starting point of the valuation process we used the report by Albert and Uriel (2012) carried out for the Fundación BBVA (FBBVA), which contains estimates of the values of housing assets and other structures in Spain, together with their distribution around the country. The values in this report were based on detailed breakdowns of housing market value and built-up areas, and thus included the value of both buildings and ground.
With this information, an assessment of the value of a residential dwelling can be made by a disaggregation of dwelling prices in a process based on the location of the different residential areas. This type of mapping information is called dasymetric mapping and stems from the paper of Wright (1936) , the most well-known early example of this development. Dasymetric mapping can be defined as a cartographic technique whereby ancillary thematic data are used to refine the geographical representation of a quantitative variable reported at coarse spatial aggregations.
In our case, the quantitative variable is the housing value, and the ancillary data are the polygons that include areas with types of buildings. Building types can be identified from land use models or from cadastral data, although the latter option involves considerably more work, due to the volume and segmentation of the data, and is normally used only in studies on a limited number of municipal areas. The most similar work to estimate building values for risk assessment is made by Kleist et al. (2006) within of project "Risk Map Germany". This is done on the basis of the Corine Land Cover data set and a dasymetric mapping approach, and provides a uniform database on the reconstruction cost of potentially risk-exposed residential buildings in Germany at the community level.
Another similar study was conducted in Italy by Luino et al. (2009) . In that paper, the authors develop a model for flood damage estimation based on a GIS software. Estimation of the value of buildings and contents was based on knowledge of the type of structure and its use. For this, the study area database required a layer designed to contain the information and characteristics of all buildings. The estimation of a building's unit value is based, first, on a real estate and property price database, and second, on its geographical location, usage and typology.
Land use models: SIOSE
As is well known, great advances have been made in the definition and presentation of land mapping in the last decade. In Spain, the two most important projects on land use are the Corine Land Cover (CLC) and the Land Use and Cover Information System of Spain (SIOSE). Both projects present very different concepts, though both were carried out under the direction of the National Geographical Institute (IGN in Spanish).
In spite of the fact that the CLC represents a great advance as the first database on land use in Europe in a prolonged period of time, its lack of resolution in certain key aspects means that information has to be sought from other sources, at least on a national scale (Valcárcel, 2011) . In 2005 therefore the IGN set up the SIOSE, whose aim was to generate a land use database for the entire country on a scale of 1 : 25 000 with reference images from the year 2005 (SIOSE2005). However, although the data on land occupation have been widely developed and published, data on land use are still being worked on.
At the present time, only data on the SIOSE2005 are available for the entire country, while SIOSE2009 is still being compiled, and an update is expected for 2014, to coincide with a new version of the CLC. The SIOSE2005 was therefore used as the database in this work. Its main technical characteristics are compared to those of the CLC in Table 1 .
In the SIOSE model, each polygon is defined by a land cover that may be one of two types: -simple coverage: uniform over the entire polygon; -composite coverage: (found in most cases) a variety of simple or even composite coverages within a polygon.
In addition, covers can be characterized by attributes or parameters that provide further information. Of 86 possible covers, residential buildings are included in a composite coverage known as Composite Artificial within the Mixed Urban class. The model includes the simple artificial cover Buildings, characterized by a distinguishing attribute of the series of building types used in this study, details of which can be seen in Table 2 (IGN, 2010).
Method applied to the valuation of dwellings
The steps involved in valuing residential dwellings in SIOSE polygons are described below. A flow diagram is given in Sect. 4.4.
Disaggregation of residential dwellings
In order to consider different land values, the FBBVA Report stratified areas into urban and rural. Municipal areas were also classified by size, province, and whether they were inland or coastal, giving a total of 451 strata or areas.
The breakdown of municipal areas in each province is therefore as follows:
-inland municipal areas of up to 2000 inhabitants; Stot: total polygon surface area; Stot(m): mean polygon surface area; Sbu: total built-up surface area; Sbu(m): mean built-up polygon surface area.
-inland municipal areas of between 2000 and 5000 inhabitants;
-inland municipal areas of between 5000 and 10 000 inhabitants;
-inland municipal areas of between 10 000 and 25 000 inhabitants;
-coastal municipal areas of less than 25 000 inhabitants;
-municipal areas with more than 25 000 inhabitants.
To georeference the values given in the tables of the FBBVA report, a dasymetric disaggregation was carried out in accordance with the definition of residential buildings in the SIOSE land use data model. The different types of building as defined by the model's attributes for Buildings cover are given in Table 2 . For each stratum in the FBBVA Report we can thus obtain the built-up surface for each of the SIOSE building types, such as Sbu(i). It is important to remember, for a given polygon, that this area does not necessarily coincide with the surface area of the polygon that defines it (see Table 3 ), since it may be composed of compound cover. According to the SIOSE, a polygon may contain various types of cover with their corresponding percentage of occupation. Built-up surface is calculated according to the ratio between this percentage and the total surface area.
The distribution of residential buildings in the whole of Spain in accordance with the four building types defined by SIOSE can be seen in Table 3 .
It is interesting to note the large area occupied by detached single-family dwellings, which is due to the different types included in this category (e.g. villas, country houses), while the others are more specific. On the provincial level, these dwellings are widely dispersed. In some coastal provinces single-family dwellings form a large majority.
The polygons containing isolated buildings are the smallest (see column "Stot"), unlike their built-up area, which is taken up by detached single-family types (see "Sbu"), these naturally occupy larger areas. However, the terraced houses, due to their better layout, occupy the largest sites (Stot), although their built-up area is equal to that of blocks of flats, though both are similarly constructed.
Estimating the number of floors in each type of building
After obtaining information on the built-up area, the next step is to estimate its gross floor area, named the equivalent dwelling surface area (Sed) for each SIOSE building type, which will mainly depend on the average number of floors above ground, and which logically must be characteristic of each building type. This will make it possible to equate total dwelling surface area to a single localized value in SIOSE with the value of the residential dwellings in the FBBVA Report, to finish off the dasymetric process. Unfortunately, the SIOSE does not provide any information on the number of floors in each type of building. The only way to obtain these data is indirectly from the census information available on the numbers of buildings and their floors from the web page of the National Statistics In- Although there is a time difference between the 2001 census and SIOSE2005, this is not significant, since there were no substantial changes in building types in Spain between these two dates. It should also be pointed out that the latest SIOSE land use data for Spain also dates from 2005, but as the construction rate since that time has slowed down considerably, more up-to-date statistics would not significantly affect these results.
The built-up area in SIOSE can be expected to be in direct proportion to the number of buildings per type of dwelling, i.e. to equate the number of buildings with the built-up area we must assume similar surface areas in each of the four types of dwelling. For example, single-family dwellings could be either modern villas or traditional country houses, but the built-up surface can be assumed to be close to the average in both cases (see Table 4 ).
Thus, in the case of single-family detached houses, according to the INE information 94.25 % have one or two floors. Assuming similar floor areas, to calculate the average number of floors, weights can be applied for the number of floors per building, to obtain the weighted mean number of floors NF m by applying the following formula:
where NB is the total number of buildings with their corresponding number of floors; NF j being this number of floors, which, according to the INE, in the case of these buildings, is between 1 and 6. The result is 1.57, and this is the value that can be applied to the entire SIOSE built-up surface (Sbu) to obtain the gross floor area, or the estimated surface area of dwelling (Sed) in this category:
According to the SIOSE, isolated buildings make up 7.3 % of the total of multi-family dwellings (calculated from the data in Table 3 , column "Sbu"), while they are 8.63 % (100-91.37, see Table 4 ) of the number of buildings with seven or more floors. In accordance with our assumption of homogeneity between the number of buildings and the surface they occupy, these seven floors could be taken as the threshold indicator of the number of floors for the SIOSE detached buildings. Calculating the weighted average height of blocks of flats by Eq. (2), an average of 8.61 floors is obtained. It is a somewhat more complicated task to separate dwellings in blocks of flats from terraced houses. The following premises can be assumed:
-Terraced houses will always have fewer than four floors.
-Block of flats will have more than one floor (in the smaller villages this is not the case, but the numbers here are small).
-The SIOSE ratio of terraced/block of flats surface is maintained with respect to the number of buildings.
From the above premises, we can estimate solutions which optimize the difference of squares between the SIOSE surface percentages by using the MS-Excel Solver option. One of the best results is the following distribution:
-1 floor: 100 % terraced houses.
-2 floors: 79.6 % terraced houses; 20.4 % blocks of flats.
-3 floors: 32.5 % terraced houses; 67.5 % blocks of flats.
-4-6 floors: 100 % blocks of flats.
Applying these coefficients and Eq. (2), the mean number of floors for each SIOSE building type can be calculated (see Table 5 ). The values shown here are the mean for the whole of Spain and of course vary according to the geographic location and population of the municipal area in which they are situated. The mean surface area in terraced and semi-detached houses can be said to be similar, as can be seen from the Sbu(m) in Table 3 , which also shows that the plots are understandably larger for the semi-detached houses (see "Stot(m)"), as they are in more densely populated zones provided with better roads, parks, etc.
In the absence of definitive conclusions and considering population size as one of the variables with the strongest influence on the height of buildings, an analysis was carried out with INE tables that break down data on building heights according to municipality size into eight different population levels between less than 100 and more than 500 000 inhabitants.
The results of applying the same type of distribution as the exposed coefficients for terraced/blocks buildings to each population level can be seen in Fig. 1 .
In accordance with the data from this graph, it can be concluded that:
-In isolated buildings the number of floors ranges from 7.6 to 8.7. This variance is not important, especially as it involves a limited number of buildings.
-In blocks of flats it lies between 2.5 and 4.9. The variance here is wider and due to the number of buildings involved this is where the figure should be adjusted for size of municipality.
-In detached single-family houses floors vary between 1.8 and 1.5. This is the only type of building with a tendency to decrease, although it is fairly stable in the municipal areas with higher populations.
-In terraced houses the figure is between 1.6 and 2.0, which is a not a highly significant variation.
Adjusting housing value for type of building
It should not be forgotten that when valuing a dwelling we must bear in mind not only its surface area but other specific criteria related to its type, location, use, quality, etc. We therefore gave a weighting to the calculated surface (Sed) according to these characteristics to obtain the equivalent dwelling surface (Sevd) related to its value. The Spanish Colleges of Architects make use of formulas to calculate the Reference Building Cost (RBC) according to a Basic Module Building (BMB in C m −2 ). We adopted the RBC recommended by the Valencia Building Institute (IVE), an organization belonging to the Government of Valencia (IVE, 2012):
where RBC is Reference building cost ( C), BMB is Basic module building (C m −2 ), Ct is Type of building, Ch is Number of floors above ground, Cu is Location in historic centre, Cs is Useful living area (predominant size), Cv is Number of dwellings per unit, Cc is Quality of finish and Sc is Built-up surface (m 2 ). We used the most significant and applicable coefficients, so that the surface equivalent to the value of the dwelling (Sevd) could be expressed by the following formula:
in which Cg is the general weighting coefficient of the value of the building per SIOSE type (see Table 6 ).
Calculating value of SIOSE residential polygons
According to the preceding sections, it is possible to calculate the equivalent surface of a dwelling from its Sevd value in square metres for any given polygon p defined by SIOSE with a determined building type i, with a certain constructed surface area Sbu (m 2 ) together with a mean number of floors NF m . This is expressed by the following equation from Eqs. (3) and (5):
For a given layer e of the 451 defined in the report by Albert and Uriel (2012, see Sect. 3.2.1) the total surface area of dwellings Sevd, including all SIOSE building types, will be
With this figure, the value of dwellings per surface Vds(e) is calculated in C m −2 for each layer e, according to the value of total dwellings Vdt(e) as established by the cited FBBVA Report:
Vds(e) = Sevd(e)/Vdt(e).
It is now possible to perform a dasymetric distribution of the total value of dwellings among the different residential building polygons with the attribute i as defined by SIOSE, Vd(p). For each polygon p, this value will be defined by the specific value Vds(e) of the layer e to which it belongs and its equivalent surface area Sevd(p), according to Vd(p) = Vds(e) · Sevd(p).
In other words, a financial value is assigned to each SIOSE residential polygon according to the number of dwellings it contains. This information is of great interest since it forms the basis required to assess the exposure to any type of risk.
Case study: assessment of landslide risk in the Community of Valencia
We considered it to be of great interest to carry out a specific application of the proposed method of valuing dwellings to assessing a certain natural hazard within a given region. The threat selected was land movement and the region selected was the Community of Valencia (NUT2, Autonomous Communities), composed of the three provinces of Alicante, Castellón and Valencia (NUT3, Provinces) and making up 5 % of the surface (22 200 km 2 ) and 11 % of the population of Spain. The results are given by province and municipalities (LAU2, Municipalities). Our selections were based mainly on three reasons:
-Availability of the necessary maps: landslide susceptibility in the whole of the Valencia Community (COPUT, 1998) and two versions of the SIOSE model, as this was also available for this Community in 2009. The same calculation process was therefore carried out for two years, thus giving an assessment of the evolution of risk for the period 2005-2009.
-The three provinces had been described as being areas of "high hazard" for landslides in the above-cited ESPON Report (2006), although it did not specify the areas in which they could occur.
-The need to identify the trouble spots in the territory and draw up detailed maps, proposing both structural and land planning measures. This is an explicit approach related to Objective 8 of the above-mentioned ETC risks.
Exposure was to be assessed in accordance with the process described in the next section. Still to be defined are hazard and vulnerability, which will be dealt with in the subsequent sections.
Exposure
Almost all authors (Varnes, 1984; UNDRO, 1991) agree as to the elements to be considered as being affected by landslides. However, each author has a distinct way of dealing with the different types of elements, as will be seen below when we consider vulnerability, as the elements exposed to risk and vulnerability are directly related to each other. Exposure is an attribute of people, property, systems or other elements present in areas that are potentially affected by landslides. It is calculated as the temporal and spatial probability that an element at risk is within the landslide path, and it also needs to be incorporated into the risk equation (Corominas et al., 2014) .
In this work we dealt only with residential buildings exposed to the landslides in accordance with the method described in the preceding section. One of the important questions was the calculation of the distribution of the number of 3.4 Inland municipalities between 5000 and 10 000 inhab.
3.6 Inland municipalities between 10 000 and 25 000 inhab.
3.7 Coastal municipalities with less than 25 000 inhab.
4.0 Municipalities with more than 25 000 inhab.:
Up to 50 000 inhab. 4.0 Up to 100 000 inhab.
4.3 Up to 500 000 inhab.
4.6 > 500 000 inhab.
5.0
floors. For terraced buildings, which show the greatest variance, as can be seen in Fig. 1 , a special study was carried out. As we have outlined in Sect. 3.2.2, from the population size data for the municipal areas of Valencia (from the INE Census for 2001) we obtain Table 7 .
As can be seen in Fig. 1 , the values of the number of floors in the remaining building types show little variation with population size and were thus assumed to be constant in all municipal areas, coinciding with the mean given in Table 5 (Sect. 3.2.2).
Hazard
The description of landslide hazard should include the location, volume (or area), classification and velocity of the potential landslides and any resultant detached material, and the probability of their occurrence within a given period of time (Fell et al., 2008) .
For this work, spatial hazard data were taken from a 1 : 50 000 scale vector format landslide map drawn up by the Regional Department of Public Works of the Valencia Government in the project entitled Lithology, exploitation of industrial rocks and landslide risk in the Valencian Community (Thematic Mapping Series, COPUT, 1998), using geological and geotechnical maps from the Spanish Geomining Technical Institute (ITGME), 1 : 50 000 scale topographical maps from the Army Geographical Service, as well as aerial photographs available at that time. That map is a useful and required tool, since is a necessary observance for urban and territorial planning at the Community of Valencia (COPUT, 2000) , according to Article 63 of the LOTTP law cited in Sect. 1.
The COPUT official map differentiates solely rock fall (835 polygons) from the rest of landslides (flows and slides, 3584 polygons). In our region, with a Mediterranean climate, not very cold and dry, the rotational or planar slides are the more common types of instability. Now, we need to calculate the hazard with the estimation of the temporal probability of occurrence of landslides in our area, on the basis of the COPUT map. We choose to express this temporal occurrence as a frequency: number of events in a certain time interval. Also, as we are working with large area and small scales, it is appropriate to express the ratio of the number of observed landslide events to unit time (Corominas et al., 2014) .
Unfortunately, in Spain there is no systematic and historic inventory of the distribution, characteristics and consequences of past landslides. The national landslide database has only 569 events on an inventory map 1 : 200 000 that has not been updated. There are two regional landslide databases developed in Sierra Nevada (Andalusia, Granada) and Catalonia (Van Den Eeckhaut and Hervas, 2012) . Accordingly, there are no wide official landslides records in our region, field works or remote sensing analysis.
As we need an estimation of primary level hazard, we must go to another source of data. Some authors (Glade et al., 2005; Fell et al., 2008) suggest a primary method to assess the historic frequency of landslides from basic incident databases. Thus, in our area of study, the only way to establish the landsliding temporal frequency is to consult local newspaper records, searching their internet resources, or other ancillary sources.
By this means, we have found only 10 registered landslides in the last half century, in inhabited areas. These were: Arenós (1957), Alcoy (1958) , Lucena del Cid (1976) , Monóvar (1987) , Sueras (1987) , Villahermosa (1987) , Oliva (1987) , Cortes de Pallás (1988) , Altea (2007) , El Toro (2008) . Furthermore, we estimate that there were an equal number of unregistered events, at least, the majority in uninhabited areas. Thus, the average historical frequency for the Valencian Community is 0.40 events yr −1 (20/50) over this last 50-year period.
These landslides have a strongly heterogenic spatialtemporal distribution, a function of the trigger mechanisms. In our area (and nearby), frequently these mechanisms are the high-intensity, short-lasting rainfall episodes in autumn when the sea is still warm (about 100 mm day −1 ). These episodes have a highly random distribution, both spatial and temporal (Corominas, 2006) . For instance, the official Spanish rainfall record in 24 h occurred in November 1987, when 817 mm fell a day in Oliva (Valencia).
As we have seen, hazard is the temporal probability. In our study, we can estimate this probability by means of the historical landslide frequency. In this approach, we have not considered the bias introduced by the rainfall trigger mechanism, or other factors, and we have supposed a uniform distribution of the probability for the whole territory.
Thus, the relationship between the number of annual historical events (0.40) and the total possible landslides (3584 polygons) provides us with an estimate of the average annual probability of failure for every one of the entire population of landslides. This probability is above 0.0001, and according to the classification of Lee and Jones (2004) , landsliding is highly unlikely, but not impossible within a normal lifetime.
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Finally, for our calculations and the purposes of the quantitative hazard assessment, we fit the "risk" class values of the COPUT map in terms of probability. Thus, "low" was considered as 0.00025, "medium" 0.00050 and "high" 0.00075.
We cannot consider different types of mechanism due to lack of data, and we assume a homogeneous region with similar landslide behaviour. We believe this simplified methodology is enough for our first approach.
Vulnerability
Varnes (1984) was one of the first authors to use the term vulnerability in a review of the different aspects involved in risks due to different natural or technical phenomena. He considered vulnerability to be the degree of potential damage, expressed from 0 to 1, sustained by an exposed element or group of elements as a result of a natural phenomenon of a given intensity. This definition has been almost universally accepted by later researchers in the field of landslides, most of whom refer to the cited work (Brabb, 1984; Alexander, 1993; Fell, 1994; Leone et al., 1996b; Leroi, 1996; IUGS, 1997; Dai et al., 2002) .
However, the intensity of a landslide is somewhat difficult to quantify in practice, since it depends largely on the nature and the intensity of the mechanical forces generated by the landslide (differential movements in the terrain, subsidence, thrusting force, load, specific weight, depth, etc.) and the vulnerability characteristics of the exposed elements (Leone et al., 1996a) . It is also difficult to separate vulnerability from hazard and risk, since these concepts are intimately interrelated in a complex way (Alexander, 2000) .
It is therefore difficult to design a standard and complete method of assessing vulnerability. According to Bonachea (2006) in a review of the problem, few studies have been published to date on the subject, and most of them use highly subjective methods that are impossible to reproduce or are only applicable to specific zones.
At present, there is an ongoing debate regarding the definition of vulnerability. Scientists with various scientific backgrounds have a different understanding of what vulnerability is (Glade, 2003) . In a recent review of existing vulnerability assessment methodologies for Alpine hazards (landslides, rock falls, debris flows, and snow avalanches), PapathomaKöhle et al. (2011) suggest that there is neither a common definition for vulnerability nor a standard methodology for vulnerability assessment. This author recorded a range of methodologies by reviewing 41 vulnerability assessment methodologies for alpine hazards. Most of them took into consideration only one vulnerability indicator which was mostly the building type. Scientists often develop vulnerability curves -in other words, functions that express the relationship between the degree of loss and the intensity of the process. One recent example of this research can be seen in Papathoma- Köhle et al. (2012) .
There are several methodologies used for the quantification of vulnerability according to the type of input data and the evaluation of the response parameters (Corominas et al., 2014) . The data-driven methods are frequently used and they offer both simplicity and reliability, although they also introduce a degree of subjectivity.
Our cited lack of inventory data makes it necessary to obtain empirical index based on other authors (Leone et al., 1996) , that increases the subjectivity -but we can obtain a representative vulnerability. In a recent work on a regional scale for buildings and people as exposed elements, Li et al. (2010) define Vulnerability as a function of intensity and resistance to scenario-based landslide hazards. According to Li et al., Vulnerability (V ) is a function of the hazard intensity (I ) associated with exposed elements at risk and the resistance ability (R) of the elements to withstand a threat (R): thus V = f (I, R). Therefore, the vulnerability is calculated for each of the 3584 spatially distributed landslide polygons. This theoretical approach is the only way to assess the vulnerability, because we have no historic data or loss estimation models in our region. In fact, this problem is usually one of the largest obstacles in land risk assessment (Van Westen et al., 2005) .
For a landslide, the magnitude can be defined with several parameters including volume, velocity, depth, run-out, and area extent (Lee and Jones, 2004; Fell et al., 2005; Li et al., 2010) . It is considered that for a landslide event, we have one magnitude value but infinite intensity values. Intensity can be expressed in terms of either a dynamic or geometric factor. We have no data in our catalogue for evaluating the dynamic factor. We suppose that, with similar landslide mechanisms, the depth and velocity can be assumed virtually as a constant. Thus, the intensity is a function of the geometric factor, and can be set proportional to the area of the mapped landslide (Catani et al., 2005) .
In Table 9 , the intensity is set in three levels, percentiles defined: As regards the sensitivity of buildings to landslides, we use the four types of buildings cited by the SIOSE classification. Although no specific data are available on their characteristics, information is obtainable pertaining to their building types, number of floors and whether detached or nondetached, which can be equated with one of the four types proposed by Leone et al. (1996a, p. 142) , between B1 (highly vulnerable) and B4 (least vulnerable), see Table 8 . It is now possible to carry out a classification similar to that proposed by Leone et al. (1996a, 140-141) with structural damage matrices that consider landslide intensity and the characteristics of the asset exposed to hazard. Table 9 gives the results of Leone et al. (1996a 
B2
Detached Generally good structural quality, age variable. NF m = 1. Detached.
B3
Terraced Good structural quality. NF m = 2. Modern. Non-detached.
B4
the final vulnerability assessment by a simplified method according to intensity and building type. This author classifies damage according to a certain vulnerability interval, included as a reference. The damage levels are really the factors that determine vulnerability and the numerical values are an indication of the loss of value of a building after suffering the effects of a landslide. In our case, these numerical values were difficult to calculate directly as there were no databases available of the market value of affected buildings. 
Assessing risk
After defining exposure, hazard and vulnerability, all the elements to assess the risk according to the Eq. (1) are available. The assessment was performed using ESRI ArcGIS 10.1 software, automated by routines written in Python with an ArcPy geoprocessor. Figure 2 shows the flow diagram of the process. In the final step the risk values were divided into administrative units in order to carry out a provincial (NUTS3) and municipal (LAU2) analysis (see Sect. 4.5). 
Results
As the SIOSE land use data are available for 2005 and 2009, partial and complete calculations were carried out for these years on all areas subjected to landslide hazards according to the COPUT maps. The hazard values are shown in Table 10, in which it can be seen that the estimated surface area covered by dwellings (Sed) under high risk is relatively small (around 12 % for both years), although their incidence on risk values is more than one quarter (26 and 28 %). The greatest hazard and vulnerability of these areas justify these results and highlight the need to act on them. Total risk increased by almost 25 % (439 000 C) between the years 2005 and 2009, even though Table 10 shows that the dwelling area (Sed) is practically the same. The analysis of this table makes it clear that the increased risk is not due to increased construction levels in the high risk zones during the study period, but to the higher values of the dwellings, since the values of the exposed elements increased much more than the residential surface area affected. It is worth remembering at this point that 2009 marked the end of the housing boom in Spain in which housing prices moved continually upwards.
Regarding the provincial values as given in Table 11 , it can be clearly seen that Alicante is the province most affected by total risk, with more than one million euros in both 2005 and 2009 . This is chiefly due to the coastal zones in the northwest of the province (Marina Alta and Marina Baixa areas; see Fig. 3 ), with a high demand for housing, being hilly regions susceptible to higher landslide risks.
The Valencia Community is divided into 542 municipalities, more than half of which (268) are affected to a greater or lesser degree by risk of landslides (see Table 12 ). The risk-assessment ranges adopted coincide with the percentiles 20-40-60-80 for the total data, with limits of 2500-55 000-102 900 euros, respectively. Furthermore, the group or layer of municipalities with the highest risk is that with less than 25 000 inhabitants in the coastal regions of Alicante. Finally, 23 municipalities were found to have between 90 and 100 % of their dwelling surface area exposed to risk of a landslide. Figure 3 shows the map of the results by municipalities and risk level for the entire Valencia Community for the year 2009.
Discussion
The application of the above methodology has achieved results at the provincial and municipal levels for the whole Valencian Community for two dates. Analysing the results, they seem entirely consistent with the knowledge we have of Valencia on land use, hazard and property market. The knowledge of the area in terms of land use and hazard can explain the results for each one of the areas (provinces, municipali- To interpret these results, it must be remembered that the methodology has been framed within the territorial scope of the Valencian Community. It is intended to raise a generalist modelling tool, for comparing different levels of condition that could be easily repeated and will serve as an indicator for more accurate models. A first approximation to the problem under study requires territorial or regional planning at a specific scale. Furthermore, a local scale will be used for the definition of specific measures and the value of residential buildings in detail. Basically, what we want are results for comparing the level of risk in different administrative domains. Thus, the primary aim is to manage and prioritize investment in research to more precise scales, allowing the adoption of concrete measures. Therefore, the result obtained is useful in the management of the regional and local administrations.
The scale used corresponds to territorial or regional planning, which in this case is defined as macro-scale. According to this scale, damage assessment has been conducted at the municipal administrative unit level (Messner and Meyer, 2006) . The methodological development and the scale used justify a low level of accuracy in the results (in thousands of euros) and the amount of resources required per unit area and the input data required.
The availability of more accurate data, such as land use according to SIOSE (data 1 : 25 000) does not undermine the results, but makes possible a higher level of accuracy in regard to buildings susceptible to damage.
All the used data come from official public sources. These data have been developed by different administrations at the national and regional level, and they give particular strength to the methodology proposed, ensuring repeatability and consistency of the calculations of the results. The landslide hazard mapping prepared by the Regional Administration at 1 : 50 000 (COPUT) is perhaps the more limited data source, with greater uncertainty and therefore the one that defines the scale of the work.
Obviously, the working scale of 1 : 50 000 is not appropriate for detailed studies, but our aim has been to obtain a primary tool for risk management at LAU2 level, and we believe that this scale is enough for our initial purposes. The main weakness of our source map is the lack of characterization of each cartography slide (probability, type, estimated depth, etc.). We are convinced that to improve the quality of results it is necessary to improve and to complete the source of data inputs and begin to make a landslide inventory database. Unfortunately, that work is beyond the scope of our limited work team -instead it should be guided and carried out by the Local Administration.
The methodology developed for the assessment of buildings is one of the processes that gives added value to this research. Based on the market value obtained from the FBBVA Report (Albert and Uriel, 2012) , we have disaggregated local units into smaller units, associated with the classification type of residential buildings defined by the SIOSE land cover model. This methodology allows us to estimate the value of dwellings associated with SIOSE polygons, more accurately than the average given by the FBBVA Report. To perform the disaggregation, we have used official and public sources of information (see Fig. 2 ). All these sources have allowed to adjust the value of the building for each polygon SIOSE, adding again at municipal level the value of the dwellings affected by landslide hazard. This methodology ensures the homogeneity of the generated data and an ease of updating in the future.
A limitation that we have encountered is the absolute lack of a regional database on the valuation of vulnerability of buildings to landslides. This fact is a well-known and widespread problem, and it hindered application of the intensity/degree of loss curves methodology. This situation has been resolved by using a simple damage matrix with theoretical values, as shown in Table 9 . Our calculation of the loss in market value of the buildings is an estimation of the direct and tangible damage, that does not necessarily require determination of the other ones (indirect or intangible). The purpose of this work is to establish a methodology to support decision making, so we do not need a detailed analysis of damages and specific measures to minimize them.
In fact, the damage value obtained by municipality is not an absolute value, due to the uncertainty it may have. Nevertheless, the comparison between values of different administrative units is one of the greatest interests of this paper. Therefore, these values were reclassified by intervals at different risk levels (low, medium and high), in order to establish a clear hierarchy of municipalities.
Conclusions
This is a novel work in the ambit of risk assessment in that it proposes a direct general assessment method for geolocalized dwellings capable of being unrestrictedly applied to any area in Spain. Detailed land use maps, such as those offered by the SIOSE model, are essential as a dasymetric variable for the breakdown of the original data.
A landslide risk assessment model was designed to use easily available official data compiled by public organizations, which also happens to be the only available data source for the total area of this field. It has to be admitted that landslide risk maps need to be updated and improved -both conceptually to clearly include the probabilistic variable, and as regards questions of scale -though at the present time we can see little likelihood of this being carried out.
As we now have the entire automated assessment process available in Python routines in ESRI ArcGIS 10.1, this will make it possible to implement any update or modification with ease. Our next objective therefore is to carry out a similar assessment of dwellings for the whole of Spain, including the entire affected population according to the population grid available for (Goerlich and Cantarino, 2013 . Furthermore, the process has been designed in such a way that it can be applied to other geographical areas, provided the appropriate hazard maps are available.
The results obtained on landslide risk assessment in the Valencia Community make it possible to compare different zones; they can also be used as the basis for detailed studies, and offer local authorities objective indicators to help in making decisions on advisable actions. However, bearing in mind the scale of the work, the area of the analysed territory, the method used and the input data, these results should not be assumed to be definitive, but rather as a first step in the right direction. Nor, of course, should they be allowed to alarm local populations by assigning quantitative values to specific areas.
From the land planning perspective, the results obtained can be considered satisfactory as a response to the rational use of residential land in municipal districts or even larger areas. Indeed, this work has created a method that accurately uses local data sources to assist municipal authorities in taking the appropriate decisions according to the landslide risk evaluated. In fact, specifying the appropriate measures to be adopted could be regarded as an important new line of study.
